Introduction
============

Gastric cancer (GC) is very common and is the second leading cause of cancer deaths worldwide.[@b1-btt-6-137] Approximately 65% of gastric cancer patients present with locally advanced or metastatic disease, and the majority will have systemic disease at some time during the course of their illness.[@b2-btt-6-137] For these patients, median overall survival (OS) is about 3 months with best supportive care (BSC) alone. Using combination chemotherapy results in a median OS of 9--14 months.[@b3-btt-6-137] There is no international consensus regarding the optimal first-line chemotherapy regimen, however a platinum plus fluoropyrimidine doublet or a triplet regimen with the addition of epirubicin or docetaxel are most frequently used.[@b4-btt-6-137],[@b5-btt-6-137]

The emergence of new chemotherapy agents and targeted therapies, together with increasing knowledge of biological pathways underlying GC and the ability to predict which patients or tumors will respond to which treatment, may lead to improved GC patient outcomes.[@b6-btt-6-137] Targeted therapies have emerged as a new hope in cancer management during recent years; several drugs have been studied in GC and these are summarized in [Table 1](#t1-btt-6-137){ref-type="table"}. Most focus on antiangiogenic agents and epidermal growth factor receptor (EGFR) antagonists. Additionally, other molecularly targeted agents are under evaluation in preclinical, phase I, and phase II trials, including matrix metalloproteinases (MMP), c-Met and downstream signaling inhibitors, as well as drugs that target the cell cycle.[@b6-btt-6-137]

The goal of this article is to review the development of targeted therapy for advanced GC, with a focus on antiangiogenic, anti-EGFR, and anti-Her-2 drugs.

Antiangiogenesis therapy
========================

Tumor growth and metastasis has been strongly linked with angiogenesis in most human tumors. Vascular endothelial growth factor (VEGF) is the most potent and specific angiogenic factor identified. The VEGF family includes VEGF-A, -B, -C, -D, and -E, and placenta growth factor (PGF). VGFR-A binds to VEGFR-1 and 2, while VEGF-B and PGF bind to VEGFR-1, and VEGF-C and D bind to VEGFR-2 and 3. Activation of these receptors stimulates a signaling cascade resulting in endothelial cell mitogenesis and migration, induction of proteinases, extracellular matrix remodeling, increased vascular permeability, and maintenance of survival for newly formed blood vessels ([Figure 1](#f1-btt-6-137){ref-type="fig"}).[@b7-btt-6-137] VEGF expression in tumors and VEGF serum levels have been positively correlated with vascular involvement, lymph node and distant metastasis, and poor outcome in advanced GC patients.[@b8-btt-6-137],[@b9-btt-6-137] Multiple strategies have been developed to inhibit the VEGF pathway, with most targeting VEGF and its receptor via monoclonal antibodies (mAbs) or tyrosine kinase inhibitors (TKIs).

Anti-VEGF mAbs
--------------

Bevacizumab is a recombinant humanized anti-VEGF-A mAb that is being evaluated in several tumor types. It is currently approved for colorectal and lung cancer treatment, and phase II studies and a recent phase III trial have studied its efficacy for treatment of advanced GC patients ([Table 2](#t2-btt-6-137){ref-type="table"}).

Shah et al reported response rates (RR) of 67%, a time to progression (TTP) of 8.3 months, and a median OS of 12.3 months in 47 patients treated with bevacizumab combined with cisplatin and irinotecan.[@b10-btt-6-137] Bevacizumab-related toxicities were gastric perforation (6%), myocardial infarction (2%), and thromboembolic events (25%).

The same research group has reported on bevacizumab in combination with docetaxel, cisplatin, and 5-fluorouracil (DCF) in 44 patients. RR were 67%, median progression free survival (PFS) 12 months, and median OS 16.2 months; 2-year OS was 37%.[@b11-btt-6-137] Enzinger et al reported similar outcomes with bevcizumab combined with docetaxel, cisplatin, and irinotecan, with partial response (PR) and stable disease (SD) rates of 63% and 30%, respectively; thromboembolic events were seen in 9% of patients.[@b12-btt-6-137]

El-Rayes et al treated 38 patients with docetaxel and oxaliplatin plus bevacizumab, achieving a median PFS and OS of 6.6 and 11.1 months, respectively.[@b13-btt-6-137] Complete responses (CR) were seen in 5%, PR in 37%, and SD in 37% of patients. Gastrointestinal perforation occurred in 8% of patients.

Cohenuram and Lacy found less toxicity and similar RR when bevacizumab was combined with 5-fluorouracil (5-FU), leucovorin, and oxaliplatin (FOLFOX) in 16 patients.[@b14-btt-6-137] PR and SD were seen in 63% and 37% of patients, respectively, and TTP and OS were 7 and 8.9 months, respectively. In contrast to the studies discussed above, no bevacizumab-related toxicity was seen.

Based on these promising results, a phase III, double-blind, randomized, and multicenter study of bevacizumab versus placebo in combination with capecitabine and cisplatin, as first-line therapy in advanced GC patients (AVAGAST),[@b15-btt-6-137] was recently published. This failed to show a difference in OS, with median OS 12.1 versus 10.1 months for the bevacizumab arm versus the placebo arm, respectively (HR = 0.87; 95% CI = 0.73--1.03; *P* = 0.1002). However, PFS was 6.7 versus 5.3 months (HR = 0.80; 95% CI = 0.68--0.93; *P* = 0.0037) and RR was 46.0 versus 37.4% (*P* = 0.0315), both favoring the bevacizumab treatment arm. Most common grade 3--5 adverse events including neutropenia, anemia, and decreased appetite were similar in the two groups. Incidence of grade 3--5 (events potentially related to bevacizumab) was 20 versus 15% in the placebo group. Thromboembolic events occurred in 7% of patients and gastrointestinal perforation occurred in 2% of patients in both arms. A preliminary report of AVAGAST biomarker analysis performed in 763 tumor and 712 plasma samples showed that a low tumor neutropilin (a co-receptor for VEGF-A) expression was associated with shorter OS in placebo-treated patients.[@b16-btt-6-137]

Anti-VEGFR mAbs
---------------

Ramucirumab is a fully human, IgG1 mAbs that inhibits VEGFR−2. It is currently under investigation in phase III studies as second-line chemotherapy for advanced GC. Phase I clinical trials demonstrated its safety and efficacy in patients with advanced cancer refractory to standard chemotherapy.[@b17-btt-6-137] The phase III trial RAINBOW is now comparing paclitaxel plus ramucirumab or placebo, while another phase III trial is recruiting patients to receive ramucirumab or BSC.

VEGF TKI
--------

Sorafenib is an oral multitargeted TKI that inhibits VEGFR-1, VEGFR-2, VEGFR-3, platelet derived growth factor (PDGFR), B-Raf, Raf-1, and c-Kit. Sorafenib combined with capecitabine and cisplatin was tested for advanced GC in a phase I study, achieving an encouraging RR of 62.5%, PFS of 10 months, and OS of 14.7 months.[@b18-btt-6-137] A subsequent phase II study of sorafenib with 3-weekly docetaxel and cisplatin resulted in OS of 13.6 months but a PFS of 5.8 months, which is less than that reported in a phase III study of chemotherapy alone. This could suggest that the longer OS duration may reflect the use of second-line chemotherapy.[@b19-btt-6-137]

Sunitinib is also a multitargeted TKI (targeting RET, VEGFR-1, VEGFR-2, VEGFR-3, PDGFRα, PDGFRβ, Flt 3, c-KIT, and colony-stimulating factor receptor 1), which has been tested as monotherapy for second-line treatment of advanced GC showing modest activity. In a study involving 78 patients, Bang et al reported minimal radiological RR (2.6%), and PFS and OS of 2.3 and 6.8 months, respectively.[@b20-btt-6-137] Similar outcomes were found by Moehler et al in 51 patients, with RR of 3.9%, PFS and OS of 1.28 and 5.81 months, respectively, and estimated 1-year OS of 23.7%.[@b21-btt-6-137] In subgroup analyses, tumor VEGF-C expression compared with no expression was associated with significantly shorter median PFS (1.23 versus 2.86 months, p = 0.0119) but there was no difference in RR (*P* = 0.142).

Cediranib (VEGFR TKI) in combination with cisplatin and S-1 or capecitabine was tested in 14 patients as a first-line treatment. The most common adverse events were decreased appetite, fatigue, and nausea (92.9%). Preliminary efficacy evaluation showed one confirmed and three unconfirmed PR.[@b22-btt-6-137]

Additional studies with sorafenib, sunitinib, and cediranib are needed in advanced GC. Other VEGFR TKIs such as apatinib, axitinib, vatalinib, semaxinib, vandetanib, and pazopanib, as well as aflibercept (anti VGFR-A and placenta growth factor), MNRP1685A (anti--neuropilin-1 antibody), and PX-478 (oral inhibitor of hypoxia inducible factor-1α) are under investigation in phase I and II trials in patients with advanced solid tumors, but none of these agents have yet been evaluated in GC cancer.

Biomarkers and resistance mechanism of antiangiogenesis therapy
---------------------------------------------------------------

Despite extensive preclinical and clinical research there are currently no validated biomarkers to select patients for antiangiogenic therapy, although some candidate surrogate markers of bevacizumab response have been described. Tumor VEGF expression was identified as a poor prognosis marker in GC patients. There was a significant correlation between VEGF expression and tumor lymphatic and vascular invasion, lymph node and liver metastases, and OS.[@b23-btt-6-137] VEGF-C, VEGF-D, and VEGFR-3 expression have also been found to be independent prognostic markers for OS in resected GC patients.[@b23-btt-6-137],[@b25-btt-6-137] Bernaards et al reported a preliminary analysis of phase III studies including three tumor types, and found that high levels of circulating VEGF correlated with shorter PFS and OS times independently of bevacizumab treatment.[@b26-btt-6-137] Polymorphisms in genes encoding proteinase activated receptor 1 (PAR-1-506) and EGF (EGF+61 A \> G (A/A)), which are receptors involved in VEGF regulation, were correlated with a higher risk for disease recurrence in resected esophageal cancer patients. Circulating endothelial progenitor cells (CEPs) and circulating endothelial cells (CECs) may regulate the angiogenic switch, promoting angiogenesis and micrometastases progression, and while CEPs have been described in patients with advanced GC undergoing chemotherapy their role as predictive biomarkers needs a prospective evaluation.[@b27-btt-6-137] Hypertension has been correlated with longer PFS and OS in a retrospective analysis of a phase III study of interferon with or without bevacizumab for renal cell carcinoma patients.[@b28-btt-6-137] Imaging methods such as CT scan, MRI, and PET scan may assist in the early treatment response of patients treated with antiangiogenic therapy.

Preclinical and clinical studies demonstrate resistance to antiangiogetic therapy affecting patient OS. Moreover, it is evident that the angiogenesis inhibitors that are currently available are not providing long-term efficacy, and drug resistance commonly develops after a few months of therapy. The resistance mechanisms of antiangiogenesis drugs are not completely known, and most investigations have been done in pre-clinical studies with animals so do not necessarily mirror what has been observed in the clinic. Reports suggest that hypoxia generated by angiogenesis inhibition or the blockage of new blood vessels triggers signaling molecules that make tumors more aggressive and metastatic. The theory of rebound means that by cutting off oxygen to cancer cells, angiogenesis inhibition eventually forces those cells to migrate to other, nonhypoxic locations. Hypoxia induces this effect by stimulating hepatocyte growth factor (HGF, which normally controls cell growth, migration, and shape) and c-Met (which is HGF's cell surface receptor) -- this means that when one angiogenic factor is knocked out another takes its place. Preclinical models also suggest that targeting VEGF and blocking c-Met is an option to improve outcomes with antiangiogenic treatment, as this may inhibit agiogenesis while avoiding an increase in hypoxia, so preventing a change in tumor biology that makes it more aggressive.[@b29-btt-6-137]--[@b31-btt-6-137] Thus, better efficacy may be achieved through the use of combinations of drugs targeting different angiogenic growth factors, or drugs such as sorafenib and sunitinib that target multiple angiogenesis pathways. Another strategy may be obtaining tumor biopsies to analyze growth factors that are upregulated in a particular patient in order to administer a more specific or tailored antiangiogenesis treatment.[@b32-btt-6-137] Resistance mechanisms of antiangiogenesis therapy are an extensive and complex topic that have been discussed in recent reviews.[@b29-btt-6-137]--[@b31-btt-6-137]

Conclusions
-----------

Angiogenesis inhibitors are an important class of anti-cancer agents, but the response to current treatments is transient, and more research is required to address why drug resistance occurs. Although extensive research has been done on angiogenesis mechanisms in cancer patients, many aspects remain unknown, and further clinical research is needed to identify clinical activity, predictors of response, toxicity, and optimal therapy duration. Antiangiogenic agents have some activity in GC cancer patients, but no trial has proved beneficial in terms of OS.

Anti-EGFR therapy
=================

EGFR belongs to the ERBB family of four related cell-surface receptors: ERBB1, 2 (Her-2/neu), 3 and 4. Ligand binding to the extracellular domain (ECD) leads to EGFR activation, after phosphorylation of the intracellular tyrosine kinase (TK) initiates downstream signaling cascades including the central Ras/Raf/mitogen-activated protein kinase (MAPK, which is mainly involved in cell proliferation) and the Akt/mTOR pathway, which is mainly involved in cell survival and motility invasion.[@b33-btt-6-137] mAb that target the extracellular domain of EGFR (panitumumab, cetuximab, matuzumab, and nimotuzumab) are currently under evaluation in advanced GC. Gefitinib and erlotinib are small molecule inhibitors directed against the intracellular TK domain of EGFR, and have undergone phase I and II evaluation. Lapatinib, another TKI that targets Her-2 and EGFR, is currently undergoing phase III evaluation. Anti-Her-2 mAb (trastuzumab) is a standard treatment for advanced GC with Her-2 overexpression or gene amplification. Everolimus inhibits the intracellular downstream signaling protein mTOR, and is in phase III evaluation ([Figure 2](#f2-btt-6-137){ref-type="fig"}).[@b33-btt-6-137]

EGFR expression in GC has been reported to be between 18 and 81%, variation which is determined almost exclusively by gene amplification. Overexpression seems to be associated with increased invasion, a more poorly differentiated histology, and shorter survival,[@b34-btt-6-137] but evidence regarding potential prognostic roles of EGFR is limited and controversial.

Anti-EGFR mAbs
--------------

Cetuximab binds to the ECD of EGFR on normal and tumor cells, and competitively inhibits the binding of epidermal growth factor (eEGF) and other ligands such as transforming growth factor-alpha (TGF) and amphiregulin. It has also been shown to mediate antibody-dependent cell cytotoxicity (ADCC). Cetuximab has been studied in several phase II trials including in patients with advanced GC in different lines of treatment.[@b34-btt-6-137]

Several first-line treatment phase II trials evaluated the activity and safety of cetuximab combined with different chemotherapy regimens such as FOLFIRI, docetaxel/cisplatin, FOLFOX, FUFOX, XELOX, FUFIRI, continuous infusion high dose 5-FU/leucovorin/cisplatin, capecitabine/cisplatin, and oxaliplatin/irinotecan. RR varied from 41 to 69%, TTP from 5 to 8.5 months, and OS from 9 to 16.6 months. Skin rash, diarrhea, nausea/vomiting, and infusion reactions were the most serious cetuximab-related side effects reported. The relationship between RR and EGFR is not well established, and contradictory results have been reported.[@b34-btt-6-137],[@b35-btt-6-137]

Phase III randomized trials are underway to assess options for first-line of treatment in advanced GC ([Table 3](#t3-btt-6-137){ref-type="table"}). The CALGB80403/ECOG 1206 study is comparing cetuximab combined with three different chemotherapy regimens (ECF versus irinotecan plus cisplatin \[IC\] versus FOLFOX). Preliminary reports showed RR of 57.8, 45.6, and 53.6%, respectively, and OS of 11.5, 8.9, and 12.4 months, respectively. Cetuximab combined with FOLFOX had one of the most favorable safety profiles.[@b36-btt-6-137] The EXPAND trial is currently studying capecitabine and cisplatin with/without cetuximab.

In second-line setting, cetuximab monotherapy has been shown to have minimal RR and an OS of 3.1 months[@b37-btt-6-137] to 4 months.[@b38-btt-6-137] When it was combined with docetaxel in docetaxel-refractory patients, RR was 6% and PFS was 2.1 months.[@b39-btt-6-137] The combination of cetuximab and irinotecan in heavily pre-treated patients achieved a tumor control rate of 62% (eight patients), and TTP and OS were 78 and 101 days, respectively.[@b40-btt-6-137]

Matuzumab is being tested in a phase II randomized trial (MATRIX) comparing ECX with/without matuzumab. Preliminary results show an RR of 58 versus 31%, TTP of 7.1 versus 4.8 months, and OS of 12.2 versus 9.4 months, all favoring the group receiving matuzumab.[@b41-btt-6-137]

REAL-III, an ongoing phase III trial, is being carried out to determine whether adding panitumumab to standard chemotherapy (EOX) improves the survival of patients with advanced GC.

A randomized phase II study of irinotecan with/without nimotuzumab in patients previously treated showed a median PFS time of 73 days with the addition of nimotzumab as opposed to 85 days with irinotecan alone. Preliminary results of this trial show that 44% of 48 samples analyzed had positive staining for EGFR, with a trend towards a potential benefit of nimotuzumab in this subgroup of patients.[@b42-btt-6-137]

EGFR TKI
--------

Erlotinib sensitivity is dependent on tumor location. SWOG showed no tumor responses in patients with GC, while patients with gastroesophageal junction cancer had an RR of 9%. OS was 3.5 and 6.7 months and TTP was 1.6 and 3 months, respectively, for gastric and gastroesophageal locations.[@b43-btt-6-137]

Gefitinib has been evaluated in a phase II study aimed to assess biologic activity of EGFR TKI in 70 previously treated advanced GC patients, and gefitinib reached tumor concentrations sufficient to inhibit EGFR activation, although this did not translate into clinical benefit.[@b44-btt-6-137] In patients with locally advanced esophageal and gastroesophageal junction cancer, gefitinib combined with cisplatin+5-FU and radiotherapy as a neoadjuvant treatment did not increase pathological CR rates, but 3-year OS increased compared with historical controls (42% versus 28%).[@b45-btt-6-137]

The lack of erlotinib and gefitinib activity in GC in these trials may be related to the different etiology seen in different tumor locations (gastroesophageal junction adenocarcinomas are associated with Barrett's esophagus, and GC with *Helicobacter pylori* infection). The different molecular pathways targeted by EGFR inhibitors may be differentially expressed in proximal versus distal adenocarcinomas. Moreover, gefitinib and erlotinib may have a different repertoire of receptor inactivation.

Anti-Her-2 therapy
------------------

Her-2/neu (ERBB2) is a member of the ERBB TK receptor family. Trastuzumab is an mAb and lapatinib is a TKI; both target Her-2 and are currently under clinical development in GC. Her-2 overexpression (evaluated by immunohistochemistry (IHC) and fluorescent in situ hybridization (FISH) analysis) has been reported in 6--45% of GC.[@b46-btt-6-137],[@b47-btt-6-137] The largest data set of 3883 advanced GC samples found Her-2 positivity in 22.9% of samples. Her-2 positivity was higher in gastroesophageal junction cancers than GC (33.2 versus 20.9%, *P* \< 0.001), and higher in intestinal than in diffuse/mixed cancer (32.2 versus 6.1%/20.4%, *P* \< 0.001).[@b48-btt-6-137]

The prognostic role of Her-2 in GC remains uncertain, since some authors have not found any association between Her-2 expression and OS, while many others have shown significant correlations between elevated Her-2 expression and both more aggressive disease and worse outcomes.[@b46-btt-6-137]

Anti-Her-2 mAbs
---------------

Preclinical studies with GC cell lines that overexpress Her-2 showed growth-inhibitory effects of trastuzumab, but when trastuzumab was combined with doxorubicin, cisplatin, or paclitaxel there was increased cytotoxicity.[@b49-btt-6-137] The preliminary results of a small phase II study including 21 advanced GC patients with Her-2 overexpression demonstrated RR of 35%, 17% of the group had stable disease (SD), and it was well tolerated.[@b50-btt-6-137]

The ToGA study is the first phase III, randomized and controlled trial to evaluate trastuzumab efficacy and safety in Her-2-positive advanced GC. In this study, 594 patients received either trastuzumab in combination with 5FU/capecitabine and cisplatin, or chemotherapy alone. OS was 13.5 versus 11.1 months (*P* = 0.0048) respectively, with a 26% reduction in the risk of death. PFS was 6.7 versus 5.5 months, respectively (*P* = 0.0002), and disease control was 47.3 versus 34.5%, respectively (*P* = 0.0017). Safety profiles were similar in both groups. Interestingly, patients with high IHC positivity for Her-2 had a trend for better OS, while patients with Her-2 IHC2+/FISH+ or IHC3+ had a longer OS (16 months) with trastuzumab compared to chemotherapy alone (11.8 months).[@b51-btt-6-137] Trastuzumab seems to be a reasonable treatment option for Her-2-positive advanced GC patients, although only approximately 20% of patients would be potential candidates.

Her-2 TKI
---------

Lapatinib is a dual inhibitor of EGFR and Her-2. The SWOG-S0413 trial evaluated first-line lapatinib monotherapy in 47 patients, achieving modest activity. Only 7% of patients had a PR, and 20% had SD. TTP was 2 months and OS 5 months.[@b52-btt-6-137] In pretreated patients, no objective response was seen in 21 patients.[@b53-btt-6-137] When lapatinib is combined with capecitabine as a first-line treatment, the regimen had an RR of 24% in 58 advanced GC patients.[@b54-btt-6-137] A randomized, placebo-controlled phase II study (EORTC-40071) to evaluate lapatinib in combination with ECF or ECX is ongoing, and this will also prospectively explore the roles of Her-2 and EGFR status.[@b55-btt-6-137]

Lapatinib is currently being tested in TYTAN, an open-label, randomized phase III study comparing paclitaxel with and without lapatinib in advanced GC patients expressing Her-2 as second-line therapy.[@b56-btt-6-137] The LOGiC trial will compare capecitabine and oxaliplatin with/without lapatinib in a first-line setting.[@b57-btt-6-137]

Biomarkers and resistance mechanism of anti-EGFR therapy
--------------------------------------------------------

Most of the information available regarding biomarkers and resistance mechanisms of anti-EGFR drugs comes from colorectal cancer. The presence of somatic *KRAS* mutations has been clearly identified as a predictive marker of resistance to anti-EGFR in colorectal cancer, and the use of these drugs is restricted to patients with no detectable *KRAS* mutations. Several studies have indicated that amplification/overexpression of EGFR and inactivation of the anti-oncogene *TP53* are associated with sensitivity to anti-EGFR mAbs, whereas mutations of *BRAF* and *PIK3CA* and loss of PTEN expression are associated with resistance. Besides these somatic variations, germline polymorphisms (affecting genes involved in the EGFR pathway or within the immunoglobulin receptors) may also modulate response to anti-EGFR mAbs. These markers are not completely validated at this time, and only *KRAS* genotyping is mandatory in routine clinical practice of anti-EGFR mAbs in colon cancer.[@b58-btt-6-137]--[@b60-btt-6-137]

The role of EGFR inhibition in advanced GC is not completely clear, but may be established by ongoing clinical trials such as the REAL III trial (EOX chemotherapy with/without panitumub).

Predicting metabolic responders by PET scan may have a role in GC patients receiving cetuximab,[@b61-btt-6-137] but large and prospective trials have yet to be performed. Mutations in the *KRAS* gene have been shown in multiple phase III trials to predict lack of efficacy in patients with metastatic colorectal cancer, but these results may not be extrapolated to other tumors. Prevalence of *KRAS* mutations in GC cancer is reported to be approximately 3--30%,[@b62-btt-6-137] and the REAL III study will be prospectively studying its incidence and effect on panitumumab efficacy. The expression of ligands (epiregulin and amphiregulin) has been described in GC cell lines,[@b63-btt-6-137] and their role as predictors of response in GC patients has not been evaluated yet.

Conclusions
-----------

EGFR targeting is an area of current clinical research in GC. Promising data regarding the addition of trastuzumab to chemotherapy led to a new standard of care for advanced GC patients who were Her-2 positive. The best biomarkers to predict efficacy of Her-2-targeted therapy is Her-2 protein overexpression and Her-2 gene amplification, but a biomarker to predict trastuzumab resistance is urgently required.

Other targeted therapies
========================

Other targeted agents are in clinical development:

-   Everolimus (mTOR inhibitor) as monotherapy was well tolerated with promising activity in previously treated advanced GC patients (SD = 56%, PFS = 2.7 months, OS = 10.1 months).[@b64-btt-6-137] Based on these results, a global randomized phase III study (GRANITE-1) was performed with 656 patients, and showed no significant improvement in OS when patients received everolimus compared with placebo (5.39 versus 4.34 months, respectively (*P* = 0.1244), while PFS was 1.68 versus 1.41 months respectively (*P* \< 0.0001).[@b65-btt-6-137]

-   c-MET's receptors and its ligand, HGF, regulate multiple cellular processes that stimulate cell proliferation, invasion, and angiogenesis. Recent research has showed their overexpression in solid tumors including GC.[@b66-btt-6-137]

-   Polo-like kinase 1 (Plk1) inhibitors are a new class of drugs that target Plk1, which is involved in different stages of mitosis (centrosome maturation, spindle formation, chromosome separation, and cytokinesis). Because PIk1 is mainly expressed in proliferating tissues and is overexpressed in cancers, its inhibition is potentially less toxic, and several Plk1 inhibitors are being evaluated as cancer treatment drugs.[@b67-btt-6-137]

-   Insulin-like growth factor (IGF)-I receptor signaling is required for carcinogenicity and proliferation of gastrointestinal cancers. The effects of the new mAb figitumumab (CP-751,871) are being evaluated.[@b68-btt-6-137]

-   Heat shock proteins (HSP) are molecular chaperones for several cellular proteins and have cytoprotective roles. Hsp90, for example, interacts with the proteins that mediate cell signaling involved in proliferation, cell cycle control, angiogenesis, and apoptosis. Several initial clinical studies have shown promising anticancer activity of Hsp90 inhibitors.[@b69-btt-6-137]

-   Hedgehog (Hh) signaling is over-activated in several solid tumors, which plays a central role in cell growth, stroma recruitment, and tumor progression. In the Hh signaling pathway, the Smoothened (SMO) receptor comprises a primary drug target, with experimental small molecule SMO antagonists currently being evaluated in clinical trials.[@b70-btt-6-137]

Conclusion
==========

GC is an aggressive disease with a high mortality rate, and the majority of GC patients in Western clinical practice have advanced disease. Despite recent progress in diagnosis, surgical techniques, chemotherapy, and radiotherapy, prognosis remains poor. Improvements in GC therapy are expected as our understanding of GC biology and signaling pathways improves, and the integration of targeted therapies is now possible and early results are promising. Better selection of the therapy for individual patients may also significantly improve treatment and patient survival.
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![Relevant anti VEGF pathways therapies in advanced gastric cancer.\
**Abbreviations:** VEGF, vascular endothelial growth factor; VEGFR, vascular endothelial growth factor receptor; PGF, placenta growth factor.](btt-6-137f1){#f1-btt-6-137}

![Molecular targets and relevant drugs (anti-EGFR/Her-2) in advanced gastric cancer.\
**Abbreviations:** AKT, protein kinase B; MAPK, mitogen-activated protein kinase; MEK, MAP kinase kinase; mTOR 1&2, mammalian target of rapamycin 1&2; PI3K, phosphatidylinositol 3 kinase; Raf, GTPase Raf; Ras, GTPase Ras; SOS, son of sevenless homolog.](btt-6-137f2){#f2-btt-6-137}

###### 

Targeted therapies for advanced gastric cancer

  ------------------------------------------------------------------------------------------
  Targets                       Drugs         Trade mark/company
  ----------------------------- ------------- ----------------------------------------------
  **Antiangiogenic therapy**                  

  Anti-VEGF                     Bevacizumab   Avastin^®^/Roche

  Humanized mAB                 Ramucirumab   IMC-1121B/ImClone Systems

  VEGFR TKI                     Cediranib     Recentin^®^/AstraZeneca

                                Sorafenib     Nexavar^®^/Bayer

                                Sunitinib     Sutent^®^/Pfizer

  **Anti EGFR therapy**                       

  *EGFR antibody*                             

  Chimeric (mouse/ human) mAB   Cetuximab     Erbitux^®^/Bristol-Myers Squibb

  Humanized mAB                 Panitumumab   Vectibix^®^/Amgen

  Humanized mAB                 Matuzumab     EMD 72000/Merk

  Humanized mAB                 Nimotuzumab   TheraCIM^®^/CIMYM\
                                              Biosciences

  EGFR TKI                      Gefitinib     Iressa^®^/AstraZeneca

                                Erlotinib     Tarceva^®^/Genentech and OSI Pharmaceuticals

  Her-2 humanized mAB           Traztuzumab   Herceptin^®^/Roche

  Her-2 TKI                     Lapatinib     Tykerb^®^/Tyverb^®^/GlaxoSmithKline plc
  ------------------------------------------------------------------------------------------

**Abbreviations:** VEGF, vascular endothelial growth factor; TKI, tyrosine kinase inhibitor; EGFR, epidermal growth factor receptor; mAbs, monoclonal antibodies.

###### 

Phase II and III studies of bevacizumab combined with chemotherapy for advanced GC in a first-line setting

  Author/type of study                                                        N     Bevacizumab + chemotherapy             \% RR                                         TTP months                                     OS months                                       Grade 3--4 toxicity (%)
  --------------------------------------------------------------------------- ----- -------------------------------------- --------------------------------------------- ---------------------------------------------- ----------------------------------------------- ----------------------------------------------------------------
  Shah et al[@b10-btt-6-137]                                                  47    Cisplatin/irinotecan                   65                                            8.3                                            12.3                                            HT: 28, TEE: 25
  Phase II                                                                                                                                                                                                                                                              GIP: 6, MI: 2
  Shah et al[@b11-btt-6-137]                                                  44    Docetaxel/cisplatin/5-FU               67                                            12                                             16.2                                            NTP: 50, Fatigue: 5
  Phase II                                                                                                                                                                                                                                                              TEE: 39, [╩](#tfn8-btt-6-137){ref-type="table-fn"} Other: \<10
  Enzinger et al[@b12-btt-6-137], [☖](#tfn7-btt-6-137){ref-type="table-fn"}   26    Docetaxel/cisplatin/irinotecan         24                                            NA                                             NA                                              NTP: 22, Diarrhea: 28
  Phase II                                                                                                                                                                                                                                                              Nausea: 6, TEE: 9
  El-Reyes et al[@b13-btt-6-137]                                              38    Oxaliplatin/docetaxel                  59                                            66                                             11.1                                            NTP: 34
  Phase II                                                                                                                                                                                                                                                              GIP: 8
  Cohenuram and Lacy[@b14-btt-6-137]                                          16    FOLFOX                                 63                                            7                                              8.9                                             TEE: 0, GIP: 0
  Retrospective                                                                                                                                                                                                                                                         
  Ohtsu et al[@b15-btt-6-137],[\*](#tfn3-btt-6-137){ref-type="table-fn"}      387   Bevacizumab + cisplatin/capecitabine   46[⊖](#tfn4-btt-6-137){ref-type="table-fn"}   6.7[§](#tfn5-btt-6-137){ref-type="table-fn"}   12.1[Π](#tfn6-btt-6-137){ref-type="table-fn"}   TEE: 7, GIP: 2
  Phase III                                                                   387   Placebo + cisplatin/capecitabine       37.4                                          5.3                                            10.1                                            TEE: 7, GIP: 2

**Notes:**

AVAGAST;

*P* = 0.0315;

PFS *P* = 0.0037;

*P* = 0.1002;

tumor partial responses were 63% and stable disease 30%;

other includes gastrointestinal toxicity, neuropathy, and febrile neutropenia.

**Abbreviations:** RR, response rate; TTP, time to progression; OS, overall survival; PFS, progression free survival; NA, data is not available; HT, hypertension; TEE, thromboembolic events; MI, myocardial infarction; GIP, gastrointestinal perforation.

###### 

Anti EGFR therapy for advanced gastric cancer

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Study/phase                                                        Treatment                                     N     \% RR   TTP months                                           OS months   Grade 3--4 toxicity (%)
  ------------------------------------------------------------------ --------------------------------------------- ----- ------- ---------------------------------------------------- ----------- -------------------------
  CALGB 80403/ ECOG 1206[@b36-btt-6-137]                             ECF + cetuximab                               67    57.8    5.9                                                  11.5        Hem: 51, nonHem: 60

                                                                     IC + cetuximab                                71    45.6    5                                                    8.9         Hem: 56, nonHem: 70

                                                                     FOLFOX + cetuximab                            72    53.6    6.7                                                  12.4        Hem: 45, nonHem: 64

  MATRIX[@b41-btt-6-137]                                             ECX                                           36    58      7.1                                                  12.2        NTP: 33, SD: 33

  Phase II                                                           ECX + matuzumab                               35    31      4.8                                                  9.4         NTP: 37, SD: 66

  REAL III                                                           EOX\                                          NA    NA      NA                                                   NA          NA
                                                                     EOX + chemotherapy                                                                                                           

  Phase II[@b42-btt-6-137]                                           Irinotecan                                    40    NA      73 days[\*](#tfn11-btt-6-137){ref-type="table-fn"}   293 days    NA

  second-line                                                        Irinotecan + nimotuzumab                      42            85 days[\*](#tfn11-btt-6-137){ref-type="table-fn"}   227 days    

  ToGA[@b51-btt-6-137]                                               Capecitabine/5-FU + cisplatin + trastuzumab   298   NA      6.7[\*](#tfn11-btt-6-137){ref-type="table-fn"}       13.5        Overall: 68, CE: 6

  Phase II                                                           Capecitabine/5-FU + cisplatin                 296           5.5[\*](#tfn11-btt-6-137){ref-type="table-fn"}       11.1        Overall: 68, CE: 6

  TYTAN[@b56-btt-6-137],[⊖](#tfn12-btt-6-137){ref-type="table-fn"}   Paclitaxel + lapatinib                        NA    NA      NA                                                   NA          NA

  Phase III                                                          Paclitaxel                                                                                                                   

  LOGiC[@b57-btt-6-137]                                              Capecitabine + oxaliplatin + lapatinib\       NA    NA      NA                                                   NA          NA
                                                                     Capecitabine + oxaliplatin + placebo                                                                                         
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Notes:**

Progression free survival;

second line of treatment.

**Abbreviations:** Hem, hematological toxicity; NTP, neutropenia; OS, overall survival; SD, skin disorders; CE, cardiac events; RR, reported response rates; TTP, time to progression.
